Abstract:
• An association between organic heart disease and subsequent intracranial embolism has long been recognized. Myocardial infarction, 1 rheumatic valvular disease-and bacterial endocarditis 3 have been particularly incriminated as sources for the possible dissemination of embolic material to the arteries of the brain.
A survey of vascular diseases of the central nervous system in the autopsy popula-tion at the Kings County Hospital Center has been undertaken. 4 ' r> This paper presents the retrospective data concerning cerebral embolism and those coexisting cardiac disorders which may predispose to embolism.
Methods
The material for this study was gathered from autopsies performed at the Institute of Pathology, Kings County Hospital Center, Brooklyn, New York, from 1958 to 1966 inclusively. It represents a series of consecutive, complete necropsy examinations on patients 16 years of age or older. Techniques used in postmortem examination, preservation and examination of specimens, and storage of data on standard computer cards have been described elsewhere.
CARDIAC DISORDERS AND STROKE
cases were divided into separate groups by virtue of the presence or absence of factors such as diabetes mellitus, cirrhosis of liver, and/or an established history of chronic alcoholism. There were 3,264 patients in the nondiabetic, noncirrhotic, nonalcoholic population, 481 cases of diabetes with no hepatic cirrhosis, and 433 cases of hepatic cirrhosis with no diabetes mellitus. Those cases combining diabetes and liver cirrhosis (82 patients) and those with chronic alcoholism without cirrhosis (298 patients) were not studied separately because of insufficient group size. The cases were initially separated in this manner since there is evidence 4 that both diabetes mellitus and the nutritional disorders associated with chronic alcoholism and hepatic cirrhosis exert selective influences upon the frequency and pattern of cerebrovascular and cardiovascular disease which are sufficiently notable to warrant separate consideration at this time.
Both questionable and obvious areas of encephalomalacia, when the intracranial contents were examined, were recorded and appropriate blocks of tissue taken for microscopic verification. For the purposes of this study, encephalomalacia (cerebral infarction) was coded only when it exceeded 1.0 cm in diameter and appeared to be primarily the result of a vascular disturbance. Those destructive intracranial lesions thought to be secondary to intracranial trauma or the result of compression provoked by adjacent masses were not coded as cerebral infarcts.
All malacic lesions were coded by their intracranial location. Cerebral infarcts less than 1 cm in greatest diameter or detectable only on microscopic examination were arbitrarily called microscopic encephalomalacia and were considered separately.
The patency of the major arteries of the brain was determined by the examination of multiple cross-sectional cuts, at times with the assistance of a binocular dissecting microscope. Vessels showing occlusion, possible occlusion or severe stenosis were examined further by histological procedures.
Encephalomalacia was classified as of embolic origin only when embolic material was identified grossly or microscopically within the arterial branches of the cerebral circulation. When one or more areas of encephalomalacia were confirmed as embolic in origin, all areas of malacia in that case were classified as embolic for purposes of coding. Infarctive lesions which exhibited the configuration and topographic distribution typical of embolic origin but which lacked postmortem identification of the embolic material were coded as probably embolic. In this presentation, however, such lesions have been classified as nonembolic encephalomalacia, since the purpose of this article is to report data confined to necropsy-confirmed cases of embolic encephalomalacia.
The data are presented in tabular form. The information is divided by sex, ethnic background, age, heart weight, topographical distribution and predisposing cardiac disorders. In tables 1 and 2, the cases are divided into three age groups to better equalize the number of patients in each age cluster.
When the data are considered in terms of heart weight (table 3), three groupings were selected (i.e., less than 351 gm, 351 to 500 gm, and more than 500 gm for the male patients and 50 gm less in each group for female patients). These groups were chosen to represent normal heart weight and conditions of moderate and severe enlargement, respectively. Justification for the use of postmortem heart weight as an equivalence of hypertension has been discussed elsewhere. 4 In the tables concerned with cardiac disorders which predispose to embolic dissemination (tables 2, 4 and 5), each case is assigned to only one category although individual cases may have more than one of these specified cardiac disorders. Each case was assigned to that category which seemed a priori more pertinent to the aims of this study. Thus, patients with bacterial or rheumatic endocarditis involving valves of both the right and left side of the heart were classified as left-sided endocarditis only. Patients with rheumatic valvu- lar disease and superimposed bacterial endocarditis were classified only as bacterial endocarditis. In patients with rheumatic valvular disease of the left side of the heart and mural thrombus of the left heart, it was assumed that the mural thrombus was secondary to the rheumatic state and the cases were so classified. Those patients with mural thrombi in chambers of both the right and left sides of the heart were classified according to the location of those thrombi in the left atrium and/or left ventricle. Finally, there were four patients who exhibited coexisting mural thrombi of the left side of the heart and endocarditis (two with acute bacterial endocarditis, one with subacute bacterial endocarditis, one with nonbacterial endocarditis). In each of these four cases, the patients were arbitrarily classified according to the form of endocarditis found.
Results
The information was prepared for analysis by separation into groups by ethnic characterization (table 6) , sex (tables 1, 3, 5 and 6), the presence or absence of diabetes mellitus (table  6) , liver cirrhosis (table 6), age (tables 1 and 2), heart weight (table 3), topographical distribution of encephalomalacia (table 7) and predisposing cardiac conditions (tables 2, 4 and 5). Each variable will be considered separately.
ETHNIC BACKGROUND
Comparisons of the data summarized in table 6 reveal only minor and statistically insignificant variation in the crude frequency of embolic encephalomalacia between whites and Negroes, with a slightly elevated rate of occurrence in the white population samples.
SEX
Data from table 6 show that the incidence of embolic brain lesions in the female population sample is higher than the male population sample of either ethnic group. The higher frequency of embolic encephalomalacia in females persists in all age groups (table 1) , and at all levels of heart size (table 3) .
INFLUENCE OF DIABETES MELLITUS AND LIVER CIRRHOSIS
The frequency of embolic central nervous system lesions is higher in the diabetic sample and lower in the cirrhotic sample when compared to the nondiabetic, noncirrhotic population. These differences are of marginal statistical significance.
AGE
Subdividing the data into three age groups (table 1) (16 to 45 years of age, 46 to 65 years of age, and 66 or more years of age) demonstrates that the higher frequencies of embolic encephalomalacia in women persist in all age groups. A moderate decrease in frequency with age is also apparent in the female population, while the male population shows a slightly higher rate in the middle-aged group when compared to the young adults. When considered in relation to other forms of encephalomalacia, however, one-fourth of the cases of encephalomalacia in young men and one-third of the cases of encephalomalacia in young women result from lodgment of emboli in the cerebral circulation. The ratio of embolic encephalomalacia to thrombotic and nonobstructive encephalomalacia diminishes sharply with age, so that beyond the age of 65 years less than 4% of cases of encephalomalacia in men and less than 8% of those in women are assignable to embolic obstruction of the intracranial arteries.
HEART WEIGHT
There is a uniform increase in embolic encephalomalacia (table 3) with increasing heart weight. In each heart weight group, the rate of occurrence in females is approximately twice that found in males.
TOPOGRAPHICAL DISTRIBUTION
The topographical distribution of intracranial embolic lesions differs quantitatively from that of encephalomalacia of nonembolic origin (table 7) . Embolic lesions show a greater rate of occurrence in the frontal, parietal, temporal and occipital lobes and the cerebellar hemispheres. A lower relative frequency of embolic encephalomalacia is evident in the midbrain, pons, medulla and basal ganglia.
PREDISPOSING CARDIAC CONDITIONS
Since embolic material must originate proximal to its site of impaction, a study of somatic lesions which might predispose to embolism was undertaken. The necropsy population was first reviewed with regard to extracranial, extracardiac and extrapulmonary infarcts. A total of 357 cases with such infarcts were found in the population of 4,558 cases (7.8*).
00
In 80 of these 357 cases, there were 86 separately identified extracranial, extracardiac and extrapulmonary infarcts which could be explained on the basis of local vascular disorders. These local conditions included atherosclerotic occlusion of the renal artery (18 cases), splenic artery (12 cases), and superior mesenteric artery (two cases); aneurysm of the abdominal aorta with obstruction of the ostium of the renal artery (four cases), splenic artery (two cases), and adrenal artery (one case); mural thrombus of the abdominal aorta with obstruction of the ostium of the renal artery (seven cases), splenic artery (six cases), superior mesenteric artery (two cases), hepatic artery (two cases) and adrenal artery (one case). Other causes of localized (presumably nonembolic) infarctive lesions included renal vein thrombosis (three cases), splenic vein thrombosis (five cases), adrenal vein thrombosis (five cases), and mesenteric vein thrombosis (four cases). Nonembolic splenic infarcts were also explained on the basis of marked hepatic cirrhosis (four cases), leukemia (two cases), sickle cell anemia (two cases), and granulomatous thrombophlebitis of the splenic vein due to tuberculous peritonitis (one case). Rare causes of nonembolic infarction included renal artery obstruction due to compression by a massive retroperitoneal hematoma (one case), bowel infarct secondary to ruptured cystadenocarcinoma of the appendix with pseudomyxoma peritonii (one case), and infarction of the small bowel due to herniation with strangulation (one case).
Those conditions showing an increased association with extracardiac, extrapulmonary and extracranial infarctive lesions which could not be explained on the basis of local vascular disease, when compared with the general autopsy population, were isolated (table 4). The most frequent disorders predisposing to such lesions in this series were endocarditis involving the aortic and mitral valves, rheumatic valvulitis of the aortic and mitral valves, and mural thrombi of the left atrium and left ventricle.
When the cases of necropsy-confirmed embolic encephalomalacia were clustered on the basis of those organic lesions shown in table 4 to be associated with somatic infarcts, it became obvious that these cardiac disorders were also predisposing to embolic encepha-KANE, ARONSON lomalacia (table 5). The frequency of cerebral embolic lesions was highest for the endocarditis population; 50% of the autopsied cases showing subacute bacterial endocarditis and 44% of the cases with acute bacterial endocarditis had identified embolic cerebral infarcts. Rheumatic valvular disease, uncomplicated by mural thrombi of the left atrium or left ventricle, carried the lowest frequency of embolic encephalomalacia (11%) in this list of predisposing conditions, but the rate of occurrence more than doubled (27%) when mural thrombi of the left side of the heart were additionally present. Almost one-fourth of the patients with mural thrombi of the left ventricle or of both the left atrium and left ventricle had cerebral embolic infarcts.
It is recognized that autopsy-based surveys can identify only a fraction of intracranial infarcts caused by emboli principally because the original embolic mass either may no longer exist or may be no longer recognizable histologically at the time of study. It is for this reason that the frequency of all forms of encephalomalacia, regardless of assigned cause, is shown. The frequency of all forms of brain infarcts is much greater in patients with these predisposing states than in the remaining autopsy population.
Division by sex of data for these predisposing states is shown in table 5. Endocarditis and rheumatic valvular disease are twice as frequent in females. Only with endocardial mural thrombi is the frequency ratio between sexes approximately equal. Within the separate categories of predisposing cardiac disorders, there still remains a slight but consistent increase in the rate of embolic encephalomalacia in women when compared with men.
Data for these predisposing lesions involving the left side of the heart were divided into the three previously used age groups (table 2). The association of embolic encephalomalacia with these predisposing cardiac states persists, regardless of age. The rates of occurrence of confirmed embolic cerebral infarcts are, in general, highest in the youngest age group.
For reasons previously explained, the frequency of all forms of encephalomalacia is also shown in table 2. The findings in those patients dying between 16 and 45 years of age are most striking. More than one-third of the 170 patients with these predisposing cardiac states had confirmed embolic central nervous system infarcts, 150 times the frequency rate noted in the autopsy population without these coexisting predisposing disorders; more than twothirds of these patients had encephalomalacia of any form, ten times the rate of encephalomalacia in that part of the autopsy population without these coexisting predisposing cardiac disorders. Likewise, while 7% of the population with none of these predisposing states had malacic lesions, 93% of those with acute and subacute bacterial endocarditis harbored areas of encephalomalacia.
Of the 126 patients with embolic encephalomalacia (106 with gross lesions, 20 with microscopic brain infarcts), 107 patients (91 with gross lesions, 16 with microscopic lesions) had at least one form of these coexisting predisposing cardiac disorders. There were 19 patients (15 with gross infarcts, four with microscopic encephalomalacia) with confirmed embolic cerebral infarcts without coexisting mural thrombi, rheumatic valvular disease or endocarditis of the left heart. Eight of these 19 patients had other potential somatic foci for embolic dissemination. Three cases had severe aortic atherosclerosis with mural thrombi of the ascending aorta. Five other patients had each of the following five disorders: bronchogenic carcinoma with tumor emboli identified in a central nervous system artery, amyloidosis of the heart with atrial fibrillation, atrial fibrillation with no mural thrombus identified at necropsy, pulmonary vein thrombosis, and femoral thrombophlebitis with multiple pulmonary infarcts and a large patent foramen ovale (paradoxical emboli). However, 11 of the 126 patients with confirmed embolic encephalomalacia (8.7%) had no apparent source of embolic dissemination identified during postmortem examination.
There were two patients with confirmed embolic encephalomalacia in which predisposing conditions involving the left side of the heart were not found at autopsy but in which mural thrombi were found in the right cardiac chambers. In both cases, paradoxical embolism was felt to be the most likely explanation. In one patient, atrial fibrillation with a mural thrombus of the right atrium and a patent foramen ovale was found. The other patient had congenital tricuspid stenosis with a mural
Discussion
Analysis by heart weight (table 3) showed an increased rate of cerebral embolic infarcts proportional to the degree of cardiomegaly. Cardiomegaly and hypertension are usually considered equivalent in a general autopsy population since hypertension is the major cause of cardiomegaly. The justification for the use of heart weight, indeed, the preference of heart size as an equivalence of hypertension rather than random blood pressure recordings during life, has been discussed elsewhere. 4 However, as we have seen, cerebral embolism is frequently associated with valvular disorders of the heart which may cause cardiomegaly independent of systemic hypertension. The association of increased heart weight and increased frequency of embolic cerebral infarcts is, therefore, regarded largely as a reflection of these cardiomegaly-inducing, embolism-predisposing disorders rather than the influence of hypertension per se.
In a similar manner, the data in table 6 indicate that the frequency of embolic encephalomalacia is higher in the subpopulation with coexisting diabetes mellitus and lower in the sample with cirrhosis of the liver when compared to the nondiabetic, noncirrhotic group. Our data, to be published elsewhere, indicate that the rate of occurrence of coronary artery disease and myocardial infarction varies among these three groups to the same degree. Thus, the difference in the frequency of embolic encephalomalacia may more likely reflect the incidence of ischemic myocardial. disease with associated arrhythmias and endocardial thrombi (which is higher in the diabetic group and lower in the cirrhotic group). It seems likely that cirrhosis and diabetes influence the frequency of embolic encephalomalacia only by virtue of their influence upon the frequency of certain predisposing cardiac disorders.
Analysis of the data by age (table 1) clearly illustrates that embolic infarctive brain lesions affect only a small fraction of the population at any age. When considered in relation to other forms of encephalomalacia, however, they constitute a significant proportion of strokes in adults below the age of 45 years. Approximately one-third of intracranial Stroke, Vol. I, May-June 1970 infarcts in this age group are caused by necropsy-confirmed lodgment of embolic material in the cerebral circulation. In older patients, the ratio of embolic encephalomalacia to thrombotic and nonobstructive encephalomalacia diminishes, principally because these nonembolic lesions become increasingly more common with advancing age.
The topographical distribution of intracranial embolic lesions confirms certain angiographical observations 0 which indicate a predilection for cortical sites in the cerebral and cerebellar hemispheres and a diminished rate of occurrence in the brain stem and basal ganglia. These topographical variations indicate that embolic material is preferentially carried into the long cortical branches of the cerebral arterial circulation, thus tending to spare the short, parasagittal, perforating arteries which supply the diencephalic nuclei and brain stem.
The existence of the three specified disorders of the heart in 85% of patients with autopsy-confirmed embolic infarcts of the brain reaffirms the cardiac-cerebral vascular disease coexistence pattern described by numerous observers, notably Towbin, 7 Fisher and Pearlman, 8 Geltner and Lupo, 0 and Jorgensen and Torvik. 10 Friedman et al., 11 in a matched study of 117 stroke patients and 234 control subjects who were residents of a retirement community, also found that prior coronary, rheumatic and hypertensive heart disease were all more frequent in stroke patients than in the controls.
Patients with endocarditis, particularly acute and subacute bacterial endocarditis, show the greatest rate of cerebral embolic infarctive lesions. Rheumatic valvular disease shows a much lower rate of occurrence of embolic encephalomalacia. Since rheumatic valvular disease occurs with significantly greater frequency than the endocardidites, the incidence of cerebral embolism associated with rheumatic valvulitis is greater than that with bacterial valvulitis. Similarly, mural thrombi of the left ventricle are an important source for embolic dissemination to the brain; almost one-fourth of these patients demonstrate embolic cerebral lesions, and cases with mural thrombi of the left ventricle constitute almost one-third of patients with verified cerebral embolism.
The reported frequency of cerebral embo- 14 on the other hand, have stated that almost half of cerebral infarcts were of embolic origin. Zatz et al. 16 have postulated that clots may rapidly and spontaneously lyse and fragment, thus explaining the occasional failure to demonstrate them on postmortem examination. Our current data, limited by the requirement that embolic material be identified, would thus generate values for embolic encephalomalacia frequency which are lower than most other reports.
